No aspect of rectal surgery is more intriguing than the treatment of rectal cancer, and the eradication of such growths with conservation of the anal sphincters is an exciting challenge.
Anatomico-pathological Considerations
The pathological foundation for sphincter-saving resections was laid by Cuthbert Dukes (1930 Dukes ( , 1940 and Heinrich Westhues (1930, 1934) . The concept that emerged from their studies and subsequent researches of the extent of tissue that should be removed in a radical sphincter-saving resection, compared with that taken away in an ordinary combined excision, may be considered as follows: (a) The upper limits of the two operations are identical and, if the surgeon wishes, a high tie of the inferior mesenteric vessels can be included in both. Large collective experiences show that colon stumps of adequate length and viability for an anastomosis, taking their blood supply from the middle colic artery through the descending marginal vessel, can be fashioned usually without sacrificing the descending and iliac colon, although occasionally this is required (Goligher 1954 (Goligher , 1958 . (b) As for the minimum safe distal margin of apparently normal rectal wall and perirectal fat, vessels and glands that must be included in a resection specimen, Goligher et al. (1951) , Quer et al. (1953) and Grinnell (1954) have shown that retrograde spread downwards in the wall of the rectum or pararectal lymph glands below the inferior edge of the primary growth is usually restricted, but that it may occasionally be 11 in. (3-8 cm) or more. Thus it is desirable to remove 2 in. (5 cm) of macroscopically normal wall beyond the growth in sphincter-saving resections. The measurements quoted apply to bowel that is mobilized and slightly t?ut, but not tight. They are not strictly comparable with sigmoidoscopic estimates in the unmobilized rectum, with its anteroposterior and lateral curvatures. (c) The lateral and posterior limits of sphincter-saving resection are the same as those of a combined excision. The same plane of dissection frees the rectum from the posterior and lateral pelvic walls. In neither operation are the internal iliac glands on the pelvic waUs removed. If lateral spread occurs, it extends to these glands without leaving much trace in the intervening tissues, thus Westhues and Dukes found little evidence of such spread in their operative specimens. Lateral spread, implicating the internal iliac glands, is not an uncommon finding at operations for cancer of the rectum, particularly with infraperitoneal growths. Standard operations for rectal cancer do not deal effectively with lateral spread, but sphincter-saving resections are no more inadequate than combined excision. The experience of Stearns & Deddish (1959) at the Memorial Hospital, New York, does not suggest that improvement in combating lateral spread can be expected from removal of these glands on the lateral pelvic wall.
It has been claimed that the removal of the levator muscles, on which the growth rests whilst in the pelvis, is an advantage of combined excision over sphinctersaving resection, but I cannot believe that the amount of levator musculature that is taken in a combined excision could be in contact with more than the lower third of the rectum.
(d) In regard to the anterior limits of sphincter-saving resection, in male patients there is no difference in the plane of dissection from that used in a combined excision. I can think of no extension of combined excision such as removal en bloc of an adherent loop of small gut, the seminal vesicles or a disc of bladder wallshort of pelvic clearancethat cannot be practised in connexion with a sphincter-saving resection. In the female there might be a slight difference in the two operations on the anterior aspect. The same course is followed in front in both to the pouch of Douglas and may comprise excision of the uterus and adnexa or of an adherent segment of small intestine. Below the peritoneal reflection there is no difference in the plane of dissection in either where the rectum is separated from the posterior vaginal wall, but many surgeons, including myself, remove this wall of the vagina with the rectum to obviate the small risk of posterior vaginal recurrence, even when the growth is not adherent nor situated in the front of the bowel. Excision of the upper posterior vaginal wall with the rectum is perhaps technically feasible in a sphincter-saving resection, but it is not easy and is generally omitted if the growth is not adherent. When adherent a combined excision rather than a resection is preferable.
The Significance of the Peritoneal Reflection and Sphincter-saving Resection Some authorities say this operation should be reserved for growths lying above the reflection, because spread from infraperitoneal carcinomata is liable to be more extensive than from supraperitoneal growths, and because of the technical difficulties associated with the application of sphincter-conserving methods to lesions in the lower situation. In general, the prognosis with carcinoma of the rectum deteriorates somewhat the lower the site of the lesion, even when the same operation, say a combined excision, has been used throughout. But I cannot see any convincing reason why a good radical sphinctersaving type of resection, providing an adequate margin of clearance distally, should not afford as good a chance of eradicating such infraperitoneal lesions as does a combined excision, except in regard to the posterior vaginal wall. The long-term results of such resections at the Mayo Clinic seem to support this contention (Black 1961) .
The Risk of Implantation of Malignant Cells in Sphincter-saving Resections The danger of loose malignant cells in the lumen of the bowel becoming engrafted on the suture line or other raw areas during operations for rectal carcinoma was pointed out by Morgan (1950) and Lloyd-Davies (1950) and has been confirmed since by Warren Cole (1952) and others. To avoid this many surgeons have adopted Lloyd-Davies' plan (1950) of washing out the rectum from below with a cytotoxic agent, such as 1/500 perchloride of mercury, during the operation to remove or destroy free malignant cells. This manoeuvre can only be practised if the patient is in the lithotomy-Trendelenburg position as for a synchronous combined excision and the assistant can pass a proctoscope during the abdominal dissection. Before the irrigation a Parker-Kerr's or right-angled clamp is placed across the rectum 2 in. (5 cm) below the growth to prevent faces and carcinomatous cells descending into the lower rectum. The bowel below is irrigated through the proctoscope with 2 pints (1 1.) of a weak soapy solution, and then with 2 pints (1 1.) of nitrogen mustard, 1 mg to 100 c.c, which McDonald et al. (1960) suggest may be the best cytotoxic agent. Immediately prior to the anastomosis the open end of the colon is swabbed with nitrogen mustard to destroy malignant cells in this part.
With these precautions it seems that local recurrence is less than it was, but other factors may be partly responsible, such as a more generous resection beyond the growth and a more careful selection of cases for this operation.
The possibility of implantation of cancer cells on to peritoneal or parietal wound surfaces, as in any other abdominal operation for malignant disease, requires countering by using a cytotoxic hand lotion such as nitrogen mustard to swab the wound. Early ligation of the main superior vascular pedicle controls the intravenous dissemination of cells that may follow from handling the growth.
Indications for Sphincter-saving Resection and Technique according to Site of Growth The paramount consideration in most cases is the site of the lesion, which also influences thetype of sphincter-saving resection chosen.
CARCINOMATA OF THE ANAL CANAL OR LOWER THIRD OF THE RECTUM
Growths in this part, i.e. up to 7 cm from the anal verge, are unsuitable for sphincter conservation in radical treatment and the correct operation is an abdominoperineal excision.
CARCINOMATA OF THE UPPER THIRD OF THE RECTUM AND RECTOSIGMOID
Lesions which lie between 11-5 and 16-5 cm from the anal verge on sigmoidoscopy are, with few exceptions, eminently suitable for a sphinctersaving resection. It can be conducted through the abdomen by an anterior resection, and often by a high intraperitoneal procedure in which the lateral ligaments are left intact, the rectum is not lifted out of the sacral concavity, and its stump retains a cuff of peritoneum on its anterior and lateral aspects. (The same stump is employed in resections of diverticulitis and in colectomy with ileorectal anastomosis for polyposis or ulcerative colitis.) The advantage of avoiding mobilization of the rectum, where compatible with adequate removal of the lesion, is that it reduces the postoperative morbidity from dehiscence of the bowel suture line and sepsis. I have done 126 high intraperitoneal anterior resections with only 3 partial breakdowns of the anastomosis. The convalescence is usually smooth and uneventful and function is wellnigh perfect. I regard high anterior resection as a most gratifying operation.
CARCINOMATA OF THE MIDDLE THIRD OF THE RECTUM
The treatment of growths of the middle third of the rectum, situated between 7-5 and 11-0 cm from the anal verge, is controversial. At first sight it would seem that, if on sigmoidoscopy the lower edge of the growth lies at 7 5 cm and the top of the anal canal is at 3'5 cm, it would be impossible to secure a clear 5 cm (2 in.) margin below the lesion in a resection operation, without encroaching on the sphincters. When the lateral ligaments are divided at operation and the rectum is mobilized to the anorectal ring, a sigmoidoscopic 7-5 cm often becomes 10 or 12 cm, so that a sphincter-saving resection becomes theoretically possible. However, technical difficulties may be encountered in resecting such lesions and several methods are in use:
Low Anterior Resection This involves division of the pelvic peritoneum, mobilization of the rectum from the sacrum, division of the greater part or all of the lateral ligament and, perhaps, dissection of the bowel to the anorectal junction. The rectum is divided extraperitoneally below the growth, so that the stump has no peritoneal covering. In low resections it may project only lj to 2 in. (3-8 to 5 cm) above the pelvic diaphragm. With this technique it is possible to resect most growths to the level of the peritoneal reflection, which is about 10 cm from the anal verge, and in slim subjects with a wide pelvis it can often be applied to growths as low as 8 or 7-5 cm.
The chief advocate of low anterior resection is, perhaps, Mayo (Mayo & Cullen 1961) who claims that the recovery, function and long-term survival rate after it are satisfactory. From my experience of this operation for middle third growths I can confirm that the immediate mortality is similar to that of combined excision and that the function is usually excellent, though with low resections it may take several months for continence to develop. A disappointment has been the frequency of dehiscence of some part of the anastomosis which enormously prolongs the convalescence. In my 119 patients with low anterior resection, all of whom were submitted to gentle rectal palpation and sigmoidoscopy on the seventh to tenth post-operative day, separation was discovered in nearly 40%. The gap was situated posteriorly and involved a third to a quarter or less of the suture line, but in a few it was more extensive, and in 3 a complete circumferential separation of the colon and rectal stump occurred. The consequences of breakdown were leakage of feces into the presacral space and infection, so that the patient developed a pelvic abscess draining into the rectum. In about a third of the cases with dehiscence, a temporary facalfistula formed between the anastomosis and the drainage site at the lower end of the abdominal wound or in the left iliac region. These mishaps even with the discharge of faces are usually relatively innocuous because the process is below the pelvic peritoneum. But in two patients peritonitis occurred, and one of these died despite further laparotomy.
Dehiscence of the anastomosis: Several factors may explain the frequency of separation of the suture line after low anterior resection: (a) Deficient blood supply to the rectal or colonic stump: The blood supply to the rectal stump comes from the inferior hwemorrhoidal and other unnamed vessels from below. That to the colon stump is usually from the middle colic through the marginal artery. It is hard to believe that these were inadequate because free arterial bleeding from the cut edges of both stumps has been regularly observed during the anastomosis. (b) Faulty suture technique: The outer or Lembert row of sutures in my suture technique has usually been of interrupted mattress type, and it could be argued that, if closely placed, these might cut off the blood supply to the invaginated fringe of rectum and colon. It is remarkable that the same technique used in high anterior resections has not been followed by disruption of the anastomosis. On occasions I have altered my technique to simple straight-across stitches for the outer layer of low resections with no difference in the incidence of separation. Lloyd-Davies (1954, personal communication) postulated that, as the breakdown usually occurs posteriorly, it may be attributable to a relatively poorer blood supply to the bowel here due to the coincidence of the mesenteric borders of the colonic and the rectal stump. He therefore rotates the colon stump so that its mesocolic edge lies anteriorly opposite to the mesorectum. I have a limited experience of this but can say that it is by no means a certain preventive of suture line dehiscence. (c) Blood and serum in the pelvic cavity and its discharge through the anastomosis: I have usually sutured the pelvic peritoneum over the anastomosis and drained the pelvic cavity by an extraperitoneal drain suprapubically. In some it has seemed that the breakdown in the suture line may have been due to blood-stained serous fluid bursting into the bowel lumen. To combat this the pelvic peritoneum could be left unsutured to permit fluid to escape into the peritoneal cavity, or the drainage could be made dependent by bringing it out alongside the coccyx. I have rarely used paracoccygeal drains, but dehiscence occurred in two of these cases and one of them developed a temporary fwcal fistula. (d) The quality of tissues available for suture in these low rectal stumps: There is a similarity of tissues of the rectal stump and those of the cesophagus for suture to the jejunum or pyloric part of the stomach after total or proximal partial gastrectomy. Both are devoid of a peritoneal covering and in both sutures tend to cut out with resulting dehiscence of the anastomosis. (e) The value ofa defunctioning transverse colostomy in avoiding disruption of the anastomosis: During the past few years I have done a simultaneous transverse colostomy at the termination of low anterior resection; I cannot say that this has greatly influenced disruption, though it has facilitated its management. There are some ftces in the colon between the colostomy and Their subsequent descent might have subjected the suture line to strain. A preliminary colostomy gives a truly defunctioned left colon, but there are difficulties in using it routinely.
The risk of dehiscence is apparently inherent in a low anterior resection but perhaps attention to the foregoing points may reduce its incidence.
Abdomino-sacral Resection I have no experience of abdomino-sacral resection though I am familiar with d'Allaines' successful use of it (d'Allaines 1956). It facilitates the anastomosis between the colon and a low rectal stump but the risks to the suture line would, I imagine, apply as in anterior resection, with the hazard of a faecal fistula through the sacral wound, which was troublesome with the old sacral resections used in German anid Austrian surgical clinics.
Abdomnino-anal Puill-throlugh Resection
Attention has recently been turned to this type of resection especially in America, in an endeavour to avoid the complications of low anterior resection. Several techniques are available: (a) In the version practised by Bacon (1945) and Waugh (see Waugh et al. 1954 ), the small anorectal stump remaining after resection is denuded of its lining by 'coring out' from below, and the colon is drawn through it. Union takes place between the raw surface of the anal canal and the serosa of the colon in about a fortnight and the excess of colon is amputated. Unfortunately, though the sphinctersor at any rate, the more important external oneare preserved, rectal sensation is lost, and the patients are not usually continent. Only 10% of Waugh's cases had normal anal control, but another 42 % were satisfied with the function.
(b) In Marden Black's modification (see Black 1952 , Black & Botham 1958 a slightly larger anorectal stump is preserved and no attempt is made to deprive it of its mucocutaneous coat. The colon stump is drawn through the intact anal canal so that the colon serosa rests against the anorectal mucosa. Union takes place in a circumferential linear fashion between the cut upper edge of tke anorectal stump and the outer aspect of the colon. This probably provides a less secure basis for anastomosis than the original Bacon technique. After healing, the colon projecting below the top of the anorectal remnant is excised by diathermy. Its attractive feature is that it safeguards rectal sensation to a large extent and the function is better than after the Bacon operation. (c) In the technique associated with the names of Maunsell (1892) and Weir (1901) and of Lloyd-Davies (1950) -and also embodied in the Swenson operation for resection of the aganglionic rectum in Hirschsprung's diseasean intact anorectal stump is preserved below as in Black's method. The anastomosis is achieved by turning the stump inside out through the anus, and by drawing the colon through it, so that the colon and the everted anorectum can be sutured from below just as a tailor stitches the sleeve to a jacket from inside the coat. When full approximation has been secured, the protruding bowel recedes, or is pushed, into the pelvis through the anus. This is a neat method for low colorectal anastomosis. The suture line is as likely to breakdown as is that after low anterior resection. Pelvic sepsis and stenosis are common complications so that a temporary transverse colostomy is wise. The function is good but there may be a period of uncertain control for several months (Goligher et al. 1951 ). In the past I favoured this form of abdomino-anal resection, but in 12 cases the convalescence was so complicated and prolonged that I have long since abandoned it. Other abdomino-anal resections have also been unsatisfactory in my experience of 10 cases, on account of sloughing and retraction of the colon stump, pelvic sepsis and poor function. Like other surgeons, therefore, I concluded some years ago that carcinomata of the middle third of the rectum were best treated by low anterior resection, where it was technically feasible, or, if circumstances were not propitious, by an abdominoperineal excision with sacrifice of the sphincters. (d) A new technique of abdomino-anal resection has been introduced by R Turnbull (1960, personal communication) of Cleveland, Ohio, and Cutait & Figlioni (1961) of Sao Paulo, Brazil, which is a two-stage modification of the Maunsell-Weir operation or a cross between it and Black's method. It bids fair to eliminate much of the morbidity associated with these procedures, without impairing their ultimate good function. At the first stage the anorectal stump is everted and the anal sphincters vigorously stretched for several minutes; the colon stump, preferably formed by swinging down the left end of the transverse colon, is drawn through for 3 or 4 in. (7 5 or 10 cm) beyond the cut edge of the anorectum. A few fine catgut sutures are passed between the latter and the outer serosal aspect of the colon, though these are not essential. A drainage tube is passed into the pelvic cavity between the two stumps and connected to an underwater seal. A de Pezzer catheter is tied into the end of the colon stump, and the colon and everted anorectal remnant are left in this protruding condition surrounded by dressing for two weeks. The pelvic drain comes out in three or four days and the de Pezzer catheter a little later.
The second stage is performed about a fortnight later. The excess colon is amputated and the colonic and anorectal mucosT are sutured. During the next ten to fourteen days the protruding bowel and suture line withdraw into the anus, leaving the patient with a normal-looking anus.
This technique avoids leaving a suture line in the pelvis which may leak. The patient has a temporary anal colostomy whilst union takes place over a broad area between the raw pelvic surface of the everted anorectal remnant and the serosal aspect of the colon. When this has occurred the anastomosis is returned gradually to the pelvis. No abdominal colostomy is required. I have done only 12 of these operations during the past nine or ten months so that I hesitate to comment. Success depends initially on the surgeon providing the patient with a long viable colon stump. If this should slough to inside the pelvis, leakage and infection will occur, as happened in one of our cases with nearly fatal results. If the colon remains viable beyond the anorectum, convalescence is gratifyingly smooth. The subsequent amputation and suture are straightforward and healing usually takes place without much scarring, so that there has been no stenosis so far. The function in our cases has been difficult to assess for insufficient time has elapsed.
It seems to me that this is a promising method and I propose to use it in cases where I should previously have attempted low anterior resection and also in some where I would formerly have done an abdominoperineal excision. Till we have a sizable series to evaluate the operation my approach to it will be tentative. I am biased against abdomino-anal techniques because of past troubles. Those who use the pull-through procedure emphasize that one must be prepared for an initial increase in morbidity, and even mortality, till the technical requirements are thoroughly understood.
Assessment of the Ultimate Results of Sphincter-saving Resections Large numbers of these operations have been performed in the last twenty years. Surely it should now be possible on the basis of these experiences to estimate the curative value of sphincter-saving resections?
What is needed is a comparison of the late results obtained by sphincter-saving resection with those of combined excision. For this comparison to be valid, the results of the operations must be contrasted in the treatment of similar series of cases, and this is the difficulty. Patients selected for conservative resection usually have growths in the upper rectum, where the prognosis Table 1 Five-year survivals after anterior resection and combined excision for carcinomata between 7-5 and 15-5 cm from the anal verge (Mayo et al. 1958 is better anyway. A large proportion are women, because their wide pelvis is conducive to this operation; in general women get better immediate and long-term results than men. Often cases with advanced growths, or obese and unsuitable physique are excluded, which naturally has a beneficial effect on the results. Mayo et al. (1958) have reported a comparison of the five-year survivals following all anterior resections and combined excisions performed at the Mayo Clinic between 1945 and 1951 for growths the lower edge of which lay between 7-5 and 15-5 cm from the anal verge (or 6-14 cm from the dentate line), on sigmoidoscopy. Operative deaths and palliative excisions were excluded. The results are shown in Table 1 , which is a slight modification of that in the original paper.
The five-year survival rate after anterior resection is 7% better than that after combined excision. This would suggest that there has been some selection of cases for the former operation, for, whilst it might be hoped that anterior resection would give as good a chance of survival as combined excision for an upper rectal growth, it would be illogical to suppose that it might offer a better prospect of cure. Mayo & Fly (1956) state in a previous, related paper that there was no significant difference in the two series as regards the age distribution or proportion of growths with and without lymphatic metastases.
They admit that there were relatively more women treated by anterior resection. Also, although the overall siting of the lesions in the two series is the same -that is between 7 5 and 15 5 cm -if the two subdivisions of this area, one between 7-5 and 10O5 cm and the other between 11 5 and 15 5 cm are examined, an interesting difference is revealed in the distribution of the carcinomata treated by anterior resection and those subjected to combined excision. The bulk of the growths having anterior resection were in the upper portion, whilst the greater number of the lesions in the combined excision series were in the lower segment. The survival rate after anterior resection is better with growths in the 11 5-15 5 cm region than with those in the 7-5-10-5 cm area, and the prognosis with the latter might have been poorer still if more cases in this situation -and not, presumably, only the hand-picked, specially favourable fewhad been submitted to anterior resection, instead of being relegated to combined excision.
The difference in the survival rate after combined excision is interesting depending on whether the growth was in the middle or upper part of the rectum. It is the exact reverse of what was found when a combined excision was the only operation in use, as Waugh & Kirklin (1949) of the Mayo Clinic demonstrated. The reason for the relatively poorer prognosis with carcinomata of the upper third treated by combined excision in these cases, reported by Mayo et al. (1958) , is presumably that anterior resection is now the procedure of choice at the Mayo Clinic for growths of the upper third unless they are advanced or otherwise unfavourable, when they are treated by combined excision. I have dealt with these results from the Mayo Clinic to stress the difficulties of retrospective comparison of the results of sphincter-saving resection and combined excision. I despair of being able to obtain a reliable assessment of sphincter-saving resection by retrospective comparisons of basically dissimilar clinical material. I believe that the only accurate way of securing two comparable groups of cases treated by combined excision and resection would be by a properly controlled clinical trial in which cases with growths at agreed sigmoidoscopic levels would be allocated in random fashion to one or other operation. In this way the same surgeon, or group of surgeons, would treat two series of patients in which the age and sex distribution of cases and the admixture of early, moderately advanced and late growths would sort themselves out and be closely similar. There would have to be an 'escape clause' so that when a patient with a suitably sited lesionsay in the middle thirdcame to laparotomy, if for any reason the surgeon did not feel happy about the performance of either of the operations, he would be able to take the case out of the trial and do what was indicated. But if he considered that either operation were technically feasible, the case would be put into the trial and an 'instruction envelope' would be opened telling him which procedure to employ.
One cannot talk about a controlled clinical trial of different operations or forms of therapy without provoking the inevitable question 'Is it ethical ?', by which is meant 'Does any individual patient suffer as a result of the trial?'. I believe that the 'escape clause' to which I have referred removes most of the qualms on this score, because it would enable the surgeon to withdraw a case from the trial if it were evident that technical difficulties would make one procedure more hazardous than the other. It will be said that the trial could result in some patients having an abdominoperineal excision with permanent colostomy, when a sphincter-saving resection might have been done. Inevitably this is so, and, if we knew that the two types of operation offered an equal chance of cure, the infliction or otherwise of a colostomy would be the important consideration. But, if we possessed such knowledge about the respective curative powers of abdominoperineal excision and sphincter-saving resection, we should not be bothering about a controlled trial. We do not know and that is what we are trying to find out. It is possible that such an enquiry might show that, under identical conditions, abdominoperineal excision affords a better prospect of cure than resection, for, say, growths of the middle third, in which case patients who were treated by the former operation in the trialand their surgeonswould feel grateful that they were spared a resection despite its attractions, and many patients in the future would be benefited. We must remember that the main object of an operation for rectal cancer is to cure the patient and not to avoid a colostomy, however desirable the latter may be as a secondary aim.
